Recent work in the field of psychopharmacology has paid particular attention to inhibitory or tranquilizing agents. While surveying the literature in this field, we were struck by a report of Delay et al (1) which described the experimental production by a drug of the opposite state, namely, excited activity. This was produced in mice by the intraperitoneal injection of aminodiproprionitrile, The authors likened the behaviour of their mice to a motor syndrome characterized by hyperactivity and turning, a syndrome which sometimes appears spontaneously in certain laboratory mice.
BB-iminodiproprionitrile is a liquid (having a boiling point of 182-186°C at 10 mm pressure). It is ordinarily nonflammable, soluble in most organic solvents, and has the following formula HN(CH2CH2CH)2. (An allied substance, B-aminoproprionitrile was recently reported to have toxic effects on the skeleton and arteries of rats (2». In the six experiments conducted, young adult CFl mice were used in five instances -males in some experiments, females in others. Long-Evans rats were used in the remaining experiment. The nitrile was administered subcutaneously, once daily for four consecutive days in mice, and for one day in rats, the dosage varying from 1 Yz gms. per Kg. body weight in some experiments to 2 gms. in others. In one experiment, 2.5 micrograms of freshly prepared reserpine was injected subcutaneously once daily into each mouse for 3Yz weeks, 2 months after the cessation of the nitrile treatment. In another experiment 50 micrograms of chlorpromazine was injected daily into the tail vein of the mice for 13 days in a 16-day period, 10 days after the termination of the nitrile treatment. Control mice were always injected with the medium at the same time. The period of observation of the mice varied from 1 to 5 months in some experiments, to 12 to 15 months in others.
Results in Mice
From the third injection (third day) onward, all nitrile-injected animals, male and female, demonstrated a particular state of motor excitation or agitation when disturbed. These animals were very active and ran persistently in a more or less circular manner when disturbed. When left undisturbed they appeared somnolent. The syndrome had the following characteristics: 1. Duration: The excitability was permanent. It had not changed even after 15 months when some of the animals were sacrificed.
Motor Movements:
A relative state of incoordination and jerky groping movements of the head were evident, but the incoordination was relatively mild and the animals were capable of sufficient control of grosser deviations in movement so that they did not fall off an incline plane. Delay et al described chereo-athetotic movements in the treated mice, a characteristic which we did not observe. The jerkiness was conceivably suggestive of choreic movements, 148 CANADIAN PSYCHIATRIC ASSOCIATION JOURNAL Vol. 2, No.3 but we feel that the excitation of these mice is more comparable to manic excitation observed in humans. The turning of these mice was especially apparent when suspended by the tail. Normal mice generally remained hanging without violent turning. 3. Alertness: This appeared to be increased and was associated with what appeared to be a state of over-alertness. The animals were over-responsive to stimuli. A painful stimulation would not only increase considerably the state of excitation, but provoked what appeared to be a marked persistent aggressive reaction, e.g. if the tail was pinched with a clamp, the animal would attack it vigorously with its teeth, while the normal animal would try to disentangle itself with no such vigorous attacks. The over-responsiveness and aggression was also apparent in an altered swimming reflex. In the water, the treated animal would show a marked agitation, and would drown in a few minutes but only after a very great struggle. On the other hand, those excited animals which had been tranquilized with chlorpromazine drowned with much less struggle and in an equally short time. Normal mice quickly adjusted themselves to the water and remained afloat for considerable periods (1-2 hours). 4. Body and organ weight. In the first weeks following treatment, the nitrile caused loss of weight and death in about 20% of the animals. Later, however, the weight loss was restored and normal growth was resumed. In one group of mice autopsied 3 months after the nitrile injections, there was no significant change in the weight of the brain, pituitary, thyroid or adrenals, when compared with the normals.
An important side effect appeared to be the development of cloudiness in one or other of the cornea in 20 to 30% of the animals several months after termination of treatment.
B.M.R.:
There was no significant difference in the B.M.R. between the two groups. 6. Symptom alleviation by tranquilizing drugs: The marked excitatory movements could be controlled by inhibitory substances such as reserpine and chlorpromazine. Reserpine after 10 days almost completely controlled the excitation, and only occasional mild bursts of groping movement of the head could be observed. The excitation returned to its former state about 2 days after the cessation of reserpine. Chlorpromazine had two kinds of effect: immediate and sustained. Immediately after injection, the animals became markedly inhibited, apathetic and some of them appeared to be in a state of collapse. This state gradually disappeared within 5 to 7 hours, leaving a residue of moderate inhibition. It appeared that reserpine antagonism was more marked and uniform than chlorpromazine antagonism. 7. Variation of Dosage: So far the effects described were for mice -treated daily with 1Yz to 2 gm. per kilogram body weight for 4 consecutive days. When the dose was increased the following effects were observed: a daily dose of 4 gm. per kg. body weight for 4 consecutive days killed all the mice within 8 days, 63% of the animals on the 4th (and last) day of treatment, and the remainder in the next 4 days. Similar treatment with a daily dose of 8 gm./ka. killed all the mice in 4 days, 70% of the mice after two treatments and the remainder after two more. However, these higher dosages did not cause thẽ otor syndrome to appear earlier, inasmuch as 3 days were still required for Its appearance.
In view of this, the nitrile was injected into another group of mice for two consecutive days at the dose level of 1 Yz gm. per kg. body weight. Here, July, 1957 A PERMANENT STATE OF EXCITATION 149 the motor syndrome did not appear on the third day, but appeared six days after the second (and last) injection. That is, a series of events were initiated by the two treatments, the full effects of which were not seen until six days after the cessation of treatment. In addition, in these animals the excitation was less intense, and the head movements were not apparent.
In another experiment, the nitrile was injected at the rate of 0.1 gm. per kg. body weight per day, and after 10 injections in a two-week period, one of the mice first showed these movements. The others had not, even after six additional injections in the next ten days. These observations demonstrate the possibility of gradation of excitation with variation in dosage.
Response in Rats
Preliminary experiments revealed that rats responded similarly to the nitrile with the following differences: (a) They became excited after the first subcutaneous injection. The excitation was definitely stimulus-bound. (b) There was greater dissociation between the state of somnolence and overalertness. (c) There was a relative state of hypotonia. (d) While normal rats required a voltage of 10 volts applied to implanted diencephalic electrodes to provoke a convulsive seizure, the treated rats required a stimulus of only one-half volt, thus indicating a decrease in the epileptogenic threshold.
Conclusion
Four subcutaneous injections of BB-iminodiproprionitrile administered once daily for 4 consecutive days produced a permanent state of excitability in mice. The characteristics of this excitation are described. Reserpine, and, to a lesser extent, chlorpromazine, control this excitation for as long as they are administered. It is thought that further investigation with the same or modification of this drug, in higher animals, may provide us with an "exciter" with obvious implications in psychiatric treatments.
